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/LQJ0D5DIDHO6DFNVDQG8UL.DWWHO
$EVWUDFW6HPDQWLFHQULFKPHQWLVDSURFHVVRIVXSSOHPHQWLQJFRUUHFWLQJLQIRUPDWLRQ
LQDSRRUO\SUHSDUHG%,0PRGHO2EMHFWFODVVLILFDWLRQVDUHHVVHQWLDOLQIRUPDWLRQEXW
DUHFRPPRQO\PLVVLQJRULQFRUUHFWO\UHSUHVHQWHGZKHQWUDQVIHUULQJD%,0PRGHORU
FUHDWLQJ DPRGHO XVLQJ WRROV FXVWRPL]HG IRU RWKHU GRPDLQV LQ GHVLJQ$XWRPDWHG
FRPSLODWLRQ RI 
DVLV
 %,0 PRGHOV IURP SRLQW FORXG GDWD DOVR UHTXLUHV REMHFW
FODVVLILFDWLRQ DVZHOO DV ' UHFRQVWUXFWLRQ:H SUHVHQW D V\VWHPDWLF DSSURDFK WR
FODVVLI\LQJREMHFWVLQD%,0PRGHO IRUXVHLQIXWXUHVHPDQWLFHQULFKPHQWV\VWHPV
3UHYLRXVZRUNRQREMHFWFODVVLILFDWLRQLQ%,0PRGHOHQULFKPHQWZDVUHVWULFWHGE\LWV
OLPLWHG DELOLW\ WR DFFXUDWHO\ LQWHUSUHW JHRPHWULF DQG VSDWLDO IHDWXUHV DQG E\ WKH
FRQVWUDLQWVRI%RROHDQORJLFUXOHVDQGWKHUXOHFRPSLODWLRQSURFHVV7RDGGUHVVWKHVH
LVVXHV ZH SURSRVH D SURFHGXUH IRU HVWDEOLVKLQJ D NQRZOHGJH EDVH WKDW DVVRFLDWHV
REMHFWVZLWK WKHLU IHDWXUHVDQGUHODWLRQVKLSVDQGDPDWFKLQJDOJRULWKPEDVHGRQD
VLPLODULW\PHDVXUHPHQWEHWZHHQWKHNQRZOHGJHEDVHDQGIDFWV$QLPSOHPHQWDWLRQ
RQDV\QWKHWLFEULGJHPRGHO VKRZVWKDWZKHUHDVVRPHREMHFWVFDQEHFODVVLILHGE\
VKDSH IHDWXUHV DORQH PRVW REMHFWV UHTXLUH WKH XVH RI VSDWLDO UHODWLRQV IRU XQLTXH
FODVVLILFDWLRQ6SDWLDOFRQWH[W LVPRUH OLNHO\XQLTXHO\ LGHQWLI\DQREMHFW WKDQVKDSH
IHDWXUHVDUH
.H\ZRUGV%XLOGLQJLQIRUPDWLRQPRGHOOLQJVHPDQWLFHQULFKPHQWJHRPHWULFIHDWXUH
VSDWLDOUHODWLRQREMHFWFODVVLILFDWLRQ
 ,1752'8&7,21
6HPDQWLF HQULFKPHQW IRU EXLOGLQJ PRGHOV DGGUHVVHV WKH LQIRUPDWLRQ LQWHURSHUDELOLW\
SUREOHP(DVWPDQHWDOZKLFKFRQWLQXHVWRKDPSHUWKHXVHRI%XLOGLQJ,QIRUPDWLRQ
0RGHOOLQJ%,0GHVSLWHWKHVXFFHVVLQLPSOHPHQWLQJDVWDQGDUGGDWDH[FKDQJHVFKHPD
WKH ,QGXVWU\ )RXQGDWLRQ &ODVVHV ,)& %XLOGLQJ6PDUW   3URIHVVLRQV LQ GLIIHUHQW
GRPDLQVXVHGLIIHUHQW%,0VRIWZDUHDSSOLFDWLRQVDQGPRGHOVEXLOWLQRQHVRIWZDUHFDQEH
H[FKDQJHGXVLQJWKH,)&ILOHLQWHUPHGLDU\EXWLQDOPRVWDOOFDVHVVRPHRIWKHLQIRUPDWLRQ
LVORVWRULQFRUUHFWO\SUHVHQWHG
,QIRUPDWLRQ W\SLFDOO\ PLVVLQJ LQ DQ H[FKDQJHG %,0 PRGHO LQFOXGH WKH REMHFWV؃
FODVVLILFDWLRQUHODWLRQVKLSVDQGRWKHUDOSKDQXPHULFDOGDWD2EMHFWVPD\EHPLVFODVVLILHG
GXHWR%,0VRIWZDUH OLPLWDWLRQV)RUH[DPSOHSUHFDVWMRLQWILOOHUVGRQRWH[LVW LQPDQ\
%,0WRROV
OLEUDU\VRWKHPRGHOOHULVIRUFHGWRXVHDQREMHFWWKDWKDVVLPLODUVKDSHHJD

 /HFWXUHU 6FKRRO RI $UW 'HVLJQ DQG$UFKLWHFWXUH 8QLYHUVLW\ RI+XGGHUVILHOG+XGGHUVILHOG 8QLWHG
.LQJGRPOPD#KXGDFXN
 $VVRFLDWH 3URIHVVRU )DFXOW\ RI&LYLO DQG(QYLURQPHQWDO (QJLQHHULQJ7HFKQLRQ  ,VUDHO ,QVWLWXWH RI
7HFKQRORJ\+DLID,VUDHOFYVDFNV#WHFKXQL[WHFKQLRQDFLO
 *UDGXDWH VWXGHQW )DFXOW\ RI &LYLO DQG (QYLURQPHQWDO (QJLQHHULQJ 7HFKQLRQ ׽,VUDHO ,QVWLWXWH RI
7HFKQRORJ\+DLID,VUDHOXULNDWWHO#JPDLOFRP
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
FROXPQ WR UHSUHVHQW LW %HOVN\ HW DO  ,Q WKLV FDVH WKH PRGHO FRQYH\V ZURQJ
LQIRUPDWLRQ
6HPDQWLFHQULFKPHQWLVDOVRXVHIXOLQWKHDUHDRIFRPSLODWLRQRI؂DVLV؃RU؂DVEXLOW؃%,0
PRGHOVIURPVSDWLDOGDWDFROOHFWHGRQVLWHWKURXJKVWDWHRIWKHDUWVXUYH\LQJWHFKQRORJLHV
VXFKDVODVHUVFDQQLQJDQGSKRWRYLGHRJUDPPHWU\=HLEDN6KLQLHWDO%ULODNLVHWDO
7KHVHODUJHGDWDVHWVPXVWEHFRQYHUWHGLQWR'SULPLWLYHVDQGWKHQLGHQWLILHGDV
FRQWH[WVSHFLILF REMHFWV &XUUHQW SUDFWLFH UHTXLUHV LQWHQVLYH RSHUDWLRQV E\ H[SHULHQFHG
%,0PRGHOOHUV DQG WKH SUREOHP KDV DWWUDFWHG PDQ\ UHVHDUFK HIIRUWV WR DXWRPDWH WKH
SURFHGXUH%RVFKHDQG+DDV=KDQJHWDO+RZHYHUEH\RQGFUHDWLQJWKH'
JHRPHWU\FODVVLILFDWLRQRIWKH'REMHFWVUHPDLQVDFKDOOHQJH%ULODNLVHWDO7DQJ
HWDO
'HYHORSPHQWRIDVHPDQWLFHQULFKPHQWV\VWHPKDVEHHQLQVSLUHGDQGLQIRUPHGE\WKH
UHVHDUFKRIVHPDQWLFTXHU\ODQJXDJHVIRU%,00D]DLUDFDQG%HHW]VHPDQWLFUXOH
FKHFNLQJ V\VWHPV IRU%,0 3DXZHOV HWDO (DVWPDQ HW DO DQG%,0PRGHO
TXHU\	 FRPSDULVRQXVLQJ VSDWLDO DQG WRSRORJLFDO UHODWLRQVKLSV 'DXPDQG%RUUPDQQ
%RUUPDQQDQG5DQN7DQJHWDO6HH%,0QDPHO\6HPDQWLF(QULFKPHQW
(QJLQHIRU%,0%HOVN\HWDO LVDQHDUO\VRIWZDUHSURWRW\SHZKRVHSULPDU\DLP
ZDVWRHVWDEOLVKWKHIHDVLELOLW\RIWKHDSSURDFK7KHWRROSDUVHVDQ,)&ILOHWRH[WUDFWREMHFWV؃
VKDSHVUHODWLRQVKLSVDQGRWKHUDWWULEXWHV,WWKHQDSSOLHVIRUZDUGFKDLQLQJUXOHVWRLQIHU
DGGLWLRQDO IDFWV DERXW WKHPRGHO7KH UXOHV DUH FRPSLOHG LQ DGYDQFHE\H[SHUWV LQ WKH
GRPDLQRILQWHUHVW,WUHFRUGVWKHUHVXOWVLQDQHQULFKHG,)&ILOH([SHULPHQWVFRQGXFWHG
XVLQJ 6HH%,0 IRU WZR GRPDLQV ׽ SUHFDVW FRQFUHWHPRGHOOLQJ %HOVN\ HW DO  DQG
DXWRPDWHGGHWDLOHGGHVLJQ$UDP׽VKRZHGKRZWKHDSSURDFKFRXOGEHXVHGWRDGG
LQIRUPDWLRQWRD%,0PRGHO
+RZHYHU6HH%,0KDVDQLPSRUWDQWOLPLWDWLRQ7KHUXOHFRPSLODWLRQSURFHVVLQ6HH%,0
LV HVVHQWLDOO\ D VRFLDO H[HUFLVH WKDW HQWDLOV LQWHUYLHZLQJ GRPDLQ H[SHUWV WR HOLFLW WKHLU
NQRZOHGJH DQG FRPSLOLQJ LW LQ WKH IRUP RI LIWKHQ UXOHV LQZKLFK WKH WUXWK YDOXHV RI
YDULDEOHVPD\RQO\EH\HVRUQR+RZHYHUWKHFRPSOH[LW\RIREMHFWFODVVLILFDWLRQPDNHV
VXFK%RROHDQORJLFYHU\OLPLWLQJDVVRPHUXOHVPD\QRWKDYHXQHTXLYRFDOWUXHIDOVHYDOXHV
IRUDOOW\SHVRIREMHFWVZLWKRXWH[FHSWLRQ+HQFHDIX]]\VLPLODULW\PHDVXUHPHQWVKRXOG
EH GHYLVHG IRU WKH REMHFW LQIHUHQFH DQG D IRUPDOL]HG SURFHVV WR FRPSLOH VXFK ORJLF LV
QHHGHG
:H DGGUHVV WKLV LVVXH LQ VHPDQWLF HQULFKPHQW IRU %,0 LQ WKH DUHD RI REMHFW
FODVVLILFDWLRQ7KHSURFHGXUHWKDWZDVGHYLVHGLVGHVFULEHGLQWKHQH[WWZRVHFWLRQV7KH
IROORZLQJ VHFWLRQ LOOXVWUDWHV WKH SURFHGXUH E\ DSSOLFDWLRQ WR FODVVLI\ WKH REMHFWV RI D
V\QWKHWLFEULGJHPRGHO)LQDOO\WKHFRQFOXVLRQVDQGIXWXUHZRUNDUHGLVFXVVHG
 &203,/$7,212)2%-(&7&/$66,),&$7,21.12:/('*(0$75,&(6
'RPDLQH[SHUWVXVXDOO\UHFRJQL]HDQREMHFWEDVHGRQLWVSK\VLFDOIHDWXUHVDQGLWVVSDWLDO
FRQWH[W)RUH[DPSOHDEHDPLVXVXDOO\DKRUL]RQWDOREMHFWZLWKDORQJLWXGLQDOO\H[WUXGHG
FURVVVHFWLRQVKDSHIHDWXUHVSHUSHQGLFXODUWR LWVVXSSRUWLQJFROXPQVSDLUZLVHVSDWLDO
UHODWLRQV([DPSOHVRIVKDSHIHDWXUHV LQFOXGHFHQWUHRIPDVVYROXPHQXPEHURIIDFHV
DQGUHODWLYHVL]HHJ$LVELJJHUWKDQ%H[DPSOHVRIVSDWLDOUHODWLRQVLQFOXGHFRQWDFW
LQWHUVHFWLRQ DQG RUWKRJRQDO 7KH IHDWXUHV DQG UHODWLRQV FDQ EH IXUWKHU FDWHJRUL]HG DV
VLQJXODUIHDWXUHVSDLUZLVHIHDWXUHVHJUHODWLYHVL]HDQGSDLUZLVHUHODWLRQVHJVSDWLDO
DQGWRSRORJLFDOUHODWLRQV
6XFK NQRZOHGJH FDQ EH HQFDSVXODWHG LQ D FRPSXWHU UHDGDEOHPDWUL[ VWUXFWXUH )RU
H[DPSOHFRQVLGHUDFDVHZKHUHH[SHUWVH[SUHVVWKHLUNQRZOHGJHIRULGHQWLI\LQJIRXUW\SHV
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RIREMHFWVE\MXGJLQJZKHWKHUWKH\SRVVHVVILYHNLQGVRIVLQJXODUIHDWXUHV7DEOHDQG
IRXUNLQGVRISDLUZLVHUHODWLRQV7DEOH 

VLJQLILHVWKDWWKLVSDUWLFXODUW\SHRIREMHFW
DOZD\VKDVWKLVIHDWXUH

VLJQLILHVWKDWLWQHYHUKDVWKLVIHDWXUH

VLJQLILHVWKDWLWPD\
RUPD\QRWKDYHWKHIHDWXUH(YDOXDWLRQRIUHODWLRQVEHWZHHQVHSDUDWHREMHFWVRIWKHVDPH
W\SH LV LQFOXGHG HJ D VODE SODWH LV XVXDOO\ LQ FRQWDFW ZLWK DQRWKHU 6RPH SDLUZLVH
UHODWLRQV DUH QRW FRPPXWDWLYH VXFK DV WKH FRPSDULVRQV RI REMHFWV
 SURSHUWLHV VXFK DV
OHQJWKDQGYROXPHVRWKHVDPHREMHFWSDLUVPXVWDSSHDUWZLFHLQ7DEOHEXWLQGLIIHUHQW
RUGHU
7DEOH6\QWKHWLFVLQJXODUIHDWXUHPDWUL[
5RZ 7\SH )HDWXUH )HDWXUH )HDWXUH )HDWXUH )HDWXUH
 7\SH     
 7\SH     
 7\SH     
 7\SH     
7DEOH6\QWKHWLFSDLUZLVHUHODWLRQPDWUL[
5RZ 2EMHFW3DLU 5HODWLRQ 5HODWLRQ 5HODWLRQ 5HODWLRQ
 7\SH7\SH    
ؐؐ
 7\SH7\SH    
ؐؐ
 7\SH7\SH    
ؐؐ
 7\SH7\SH    

(DFKURZRIWKHVHWDEOHVLVUHJDUGHGDVDYHFWRULQWKHFRUUHVSRQGLQJVSDFHDQREMHFW
LVLGHQWLILHGE\RQHYHFWRULQWKHVLQJXODUIHDWXUHVSDFHZKLOHLWLVLGHQWLILHGE\ʹ݉ െ ͳ
YHFWRUVLQWKHSDLUZLVHUHODWLRQVSDFHLIWKHUHDUH݉GLIIHUHQWREMHFWW\SHV
 )($785(0$7&+,1*
7KHVDPHVLQJXODUIHDWXUHVDQGSDLUZLVHUHODWLRQVFDQEHHYDOXDWHGIRUDOOWKHREMHFWVLQD
'PRGHOZKLFKUHVXOWVLQWZRIDFWPDWULFHVVHHV\QWKHWLFGDWDLQ7DEOHDQG7DEOH
8QOLNHWKHNQRZOHGJHPDWULFHVLH7DEOHDQG7DEOH WKHIDFWPDWULFHVGRQRWKDYH
FHOOVZLWK؂؃YDOXHRUFHOOVRIVHOISRLQWHGSDLUVEHFDXVHWKHIHDWXUHFRPSXWDWLRQUHVXOWLV
XQDPELJXRXVDQGDQREMHFW
VVHOIUHODWLRQVDUHUHGXQGDQW
$YHFWRU܄D URZ LQDOO WKHVHPDWULFHV WDEOHV FDQEHQRUPDOL]HGDV܄෡ ൌ ܄Ȁȁ܄ȁVR
WKDWLWFDQEHHDVLO\FRPSDUHGWRDQRWKHULQDXQLWOHQJWK)RUH[DPSOHREMHFWW\SH؃VXQLW
VLQJXODUIHDWXUHYHFWRULVሺͲǤͲͲǡ ͲǤͲͲǡെͲǤͷͺǡ ͲǤͷͺǡ ͲǤͷͺሻDQGWKHREMHFW؃VXQLWVLQJXODU
IHDWXUHYHFWRULVሺെͲǤͶͷǡͲǤͶͷǡെͲǤͶͷǡͲǤͶͷǡͲǤͶͷሻ7KHDQJOHEHWZHHQWKHPLVFRPSXWHGE\
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
WKHLU LQQHUSURGXFW7KHJUHDWHUWKHLQQHUSURGXFW LV LHVPDOOHUDQJOH WKHJUHDWHUWKH
PDWFKLQJGHJUHHEHWZHHQWKHREMHFWDQGWKHREMHFWW\SHDVVKRZQLQ7DEOH
7DEOH6\QWKHWLFVLQJXODUIHDWXUHIDFWPDWUL[
2EMHFW )HDWXUH )HDWXUH )HDWXUH )HDWXUH )HDWXUH
2EMHFW     
2EMHFW     
ؐؐ
2EMHFW     
7DEOH6\QWKHWLFSDLUZLVHUHODWLRQIDFWPDWUL[
2EMHFW3DLU 5HODWLRQ 5HODWLRQ 5HODWLRQ 5HODWLRQ
2EMHFW2EMHFW    
ؐؐ
2EMHFW2EMHFW    
ؐؐ
2EMHFW2EMHFW    
ؐؐ
2EMHFW2EMHFW    
7DEOH'HJUHHRIPDWFKLQJEHWZHHQREMHFWVDQGREMHFWW\SHV
2EMHFW3DLU 7\SH 7\SH 7\SH 7\SH
2EMHFW    
ؐؐ
2EMHFW    

7KHLQQHUSURGXFWRIDQREMHFWSDLU؃VUHODWLRQYHFWRUDQGWKDWRIDQREMHFWW\SHSDLU
VLJQLILHV WKH GHJUHH RIPDWFKLQJEHWZHHQ WKLV REMHFW SDLU DQG WKDW SDLU RI REMHFW W\SHV
UHVXOWVVKRZQLQ7DEOH2QHREMHFWDSSHDUVʹሺ݊ െ ͳሻWLPHVLQWKLVPDWUL[LIWKHPRGHO
KDV݊REMHFWVRQHREMHFWW\SHDSSHDUVʹ݉ െ ͳWLPHVLIWKHPRGHOKDVW\SHVRIREMHFWV
WKH PDSSLQJ EHWZHHQ RQH REMHFW DQG RQH W\SH DSSHDU LQ D JURXS RIʹሺ݊ െ ͳሻFHOOV
7KHUHIRUHWKHSDLUPDWFKLQJUHVXOWFDQEHIXUWKHUFRQVROLGDWHGLQWRREMHFWPDWFKLQJUHVXOW
E\WDNLQJWKHDYHUDJHYDOXHRIHDFKJURXSRIVXFKFHOOVUHVXOWZDVVKRZQLQ7DEOH
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7DEOH'HJUHHRIPDWFKLQJEHWZHHQREMHFWSDLUVDQGREMHFWW\SHSDLUV
2EMHFW3DLU 7\SH 7\SH ؐؐ 7\SH 7\SH
2EMHFW2EMHFW     
2EMHFW2EMHFW     
ؐؐ
2EMHFW2EMHFW     
2EMHFW2EMHFW     
7DEOH'HJUHHRIREMHFWPDWFKLQJEDVHGRQSDLUPDWFKLQJUHVXOW
2EMHFW3DLU 7\SH 7\SH 7\SH 7\SH
2EMHFW    
ؐؐ
2EMHFW    

&RPSDULVRQ RI WKH UHVXOWV LQ 7DEOH  DQG7DEOH  VKRZ WKDW WKH UHVXOWV RI VLQJXODU
IHDWXUHEDVHGPDWFKLQJDQGWKDWRISDLUZLVHEDVHGPDWFKLQJPD\EHFRQVLVWHQWHJ2EMHFW
LVFODVVLILHGDV7\SHLQERWKFDVHVRULQFRQVLVWHQW2EMHFWLVGLYHUJHQWO\FODVVLILHG
DV7\SHDQGDV7\SHUHVSHFWLYHO\$PHWKRGIRUIXVLQJWKHWZRUHVXOWVLVQHHGHGEXW
LVEH\RQGWKHVFRSHRIWKLVSDSHU
 &$6(678'<
7KH SURSRVHG DSSURDFK ZDV GHYHORSHG XQGHU WKH (8 ,QIUDYDWLRQ IXQGHG 6HH%ULGJH
6HPDQWLF (QULFKPHQW (QJLQH IRU %ULGJHV SURMHFW   $ V\QWKHWLF EULGJH PRGHO ZDV
PDQXDOO\FRPSLOHGIRUWHVWLQJ,WFRQVLVWHGRIEULGJHREMHFWVRIHLJKWGLIIHUHQWW\SHV
3ULPDU\*LUGHU7UDQVYHUVH%HDP'HFN6ODE6KHDU.H\$EXWPHQW&ROXPQ
%HDULQJ DQG  6DIHW\%DUULHU DV VKRZQ LQ )LJXUH  )RU FRPSLOLQJ WKH NQRZOHGJH
PDWULFHVRIVXFKFRQFUHWHJLUGHUEULGJHVEULGJHHQJLQHHUVVXJJHVWHGWKHXVHRIVLQJXODU
IHDWXUHVDVIROORZV
 ,VWKHREMHFW
VH[WUXVLRQD[LVDORQJWKHURDGD[LV"
 ,VWKHREMHFW
VH[WUXVLRQD[LVDORQJWKHWUDQVYHUVHD[LV"
 ,VWKHREMHFW
VH[WUXVLRQD[LVYHUWLFDO"
 ,VWKHREMHFWFRQYH["
DQGSDLUZLVHUHODWLRQVDVIROORZV
 $UHWKHWZRREMHFWVLQFRQWDFW"
 $UHWKHWZRREMHFWVSDUDOOHO"
 ,VREMHFW
VFHQWURLGKLJKHUWKDQWKDWRIREMHFW"

6HH%ULGJHZHEVLWHKWWSVHHEULGJHQHWWHFKQLRQDFLO
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
 ,VREMHFW
VERWWRPIDFHORZHUWKDQWKDWRIREMHFW"
 ,VREMHFW
VOHQJWKJUHDWHUWKDQWKDWRIREMHFW"
 ,VREMHFW
VYROXPHJUHDWHUWKDQWKDWRIREMHFW"
 ,VREMHFWDERYHREMHFW"
 ,VREMHFWFORVHUWRWKHFHQWUHURDGD[LVWKDQREMHFW"
 ,VREMHFWFORVHUWRWKHFHQWUHWUDQVYHUVHD[LVWKDQREMHFW"
'RWKHWZRREMHFWVRYHUODSDORQJWKHYHUWLFDOD[LV"




D E
)LJXUHDWRSYLHZDQGEERWWRPYLHZRIWKHV\QWKHWLFEULGJHPRGHO
,Q6HH%,0%HOVN\HWDODQREMHFW؃VD[LVDOLJQHGERXQGLQJER[ZDVXVHGDVDQ
DSSUR[LPDWHVKDSHRILWZKLFKHQODUJHGWKHREMHFW
VERXQGDU\DQGGLPHQVLRQVZKHQLWLV
QRQD[LVDOLJQHGZLWKDFRQVHTXHQWUHVXOWWKDWPDQ\VSDWLDOWRSRORJ\UHODWLRQVZRXOGEH
LQFRUUHFWO\HVWLPDWHG,QWKLVZRUNWKHDERYHOLVWHGVLQJXODUVKDSHIHDWXUHVZHUHGHULYHG
EDVHG RQ WKH PLQLPDO YROXPH ERXQGLQJ ER[ -\ODQNL  2EMHFW YROXPHV ZHUH
FRPSXWHG XVLQJ YR[HOL]DWLRQ :DQJ DQG .DXIPDQ  DQG D WHWUDKHGURQ EDVHG
DOJRULWKP=KDQJDQG&KHQ2EMHFWFHQWURLGVZHUHFRPSXWHGE\DZHLJKWHGDYHUDJH
RILWVIDFHFHQWURLGVZLWKWKHZHLJKWVEHLQJWKHIDFHDUHDV,QDGGLWLRQ4XHU\/DQJXDJH
IRU'%,0PRGHOV4/%,0'DXPDQG%RUUPDQQZDVDGRSWHGIRUFKHFNLQJWKH
FRQWDFWDQGGLUHFWLRQDOUHODWLRQVEDVHGRQDUD\FDVWLQJDQGSURMHFWLRQDOJRULWKPZKLFK
ZRUNVRQERWKFRQYH[DQGQRQFRQYH[VKDSHV
2QO\WKH*LUGHUKDVDXQLTXHIHDWXUHYHFWRULQWKHVLQJXODUIHDWXUHVSDFHEHFDXVHLWLV
WKH RQO\ REMHFW W\SH WKDW LV QRW FRQYH[ 2WKHU REMHFWV DUH LQGLVWLQFW IRU H[DPSOH WKH
7UDQVYHUVH%HDPDQGWKH$EXWPHQWKDYHWKHVDPHYHFWRUDQGWKH'HFN6ODEDQG6DIHW\
%DUULHU KDYH WKH VDPH YHFWRU $V D UHVXOW WKH VLQJXODU IHDWXUH EDVHG PDWFKLQJ RQO\
JXDUDQWHHVWKHFRUUHFWFODVVLILFDWLRQRIWKHJLUGHUVLQWKHPRGHOREMHFWV,QFRQWUDVW
EDVHG RQ WKH SDLUZLVH UHODWLRQ PDWFKLQJ 7UDQVYHUVH %HDPV 6KHDU .H\V $EXWPHQWV
&ROXPQVDQG6DIHW\%DUULHUVDUHDOOLGHQWLILHGFRUUHFWO\DQGRIWKH%HDULQJV
DUH FRUUHFWO\ LGHQWLILHG 7KH SDLUZLVH UHODWLRQ EDVHG PDWFKLQJ VHUYHV DV DQ LPSRUWDQW
VXSSOHPHQWWRWKHVLQJXODUIHDWXUHEDVHGPDWFKLQJ
 &21&/86,21
'REMHFWFODVVLILFDWLRQLVDIXQGDPHQWDODVSHFWRIVHPDQWLFHQULFKPHQWIRU%,03UHYLRXV
ZRUN XVLQJ UXOHEDVHG REMHFW FODVVLILFDWLRQ GHSHQGHG RQ WKH JHRPHWULF DFFXUDF\ RI WKH
PRGHO DQGZDV UHVWULFWHG LQ ILQGLQJ XQLTXH FODVVLILFDWLRQ UXOHV 7KLV SDSHU UHSRUWV DQ
DSSURDFKWRGHYHORSLQJNQRZOHGJHPDWULFHVWKDWHQFDSVXODWHVWKHVLQJXODUIHDWXUHVDQG
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SDLUZLVH UHODWLRQV RI GLIIHUHQW REMHFW W\SHV DQG DPDWFKLQJEDVHGDOJRULWKP IRU REMHFW
FODVVLILFDWLRQ$V\QWKHWLFEULGJHPRGHOZDVXVHGIRUH[SODLQLQJWKHLPSOHPHQWDWLRQ
,Q WKH H[DPSOH WKH UHVXOWV RI VLQJXODU VKDSH EDVHGPDWFKLQJ DQG WKDW RI SDLUZLVH
UHODWLRQEDVHGPDWFKLQJZHUHJLYHQ+RZHYHUWKHSUREOHPRILQFRQVLVWHQF\EHWZHHQWKH
WZR UHVXOWV UHPDLQVXQVROYHGDQGVKRXOGEHDGGUHVVHG LQ IXWXUHZRUN ,QDGGLWLRQ WKH
VHOHFWLRQ RI GLVWLQFW IHDWXUHV DQG SDLUZLVH UHODWLRQV ZHUH FUXFLDO LQ WKH FODVVLILFDWLRQ
DSSURDFK DQG FXUUHQWO\ GHSHQGHG RQ H[SHULHQFHG GRPDLQ H[SHUWV )XWXUH ZRUN ZLOO
DWWHPSWWRXVHPDFKLQHOHDUQLQJWHFKQRORJ\WRHVWDEOLVKWKHVHIHDWXUHVDQGUHODWLRQVIRU
REMHFWFODVVLILFDWLRQ
 $&.12:/('*0(176
7KLV SURMHFW KDV UHFHLYHG IXQGLQJ IURP WKH (XURSHDQ 8QLRQ؃V 6HYHQWK )UDPHZRUN
3URJUDPPH IRU UHVHDUFK WHFKQRORJLFDO GHYHORSPHQW DQG GHPRQVWUDWLRQ XQGHU JUDQW
DJUHHPHQWQR6HH%ULGJHLVFRIXQGHGE\)XQGLQJ3DUWQHUVRIWKH(5$
1(7 3OXV ,QIUDYDWLRQ DQG WKH (XURSHDQ &RPPLVVLRQ 7KH )XQGLQJ 3DUWQHUV RI WKH
,QIUDYDWLRQ  &DOO DUH 0LQLVWHULH YDQ ,QIUDVWUXFWXXU HQ 0LOLHX 5LMNVZDWHUVWDDW
%XQGHVPLQLVWHULXP I¾U 9HUNHKU %DX XQG 6WDGWHQWZLFNOXQJ 'DQLVK 5RDG 'LUHFWRUDWH
6WDWHQV 9HJYHVHQ 9HJGLUHNWRUDWHW 7UDILNYHUNHW ׽ 7UY 9HJDJHU²LQ 0LQLVWHUH GH
/؃HFRORJLH GX 'HYHORSSHPHQW 'XUDEOH HW GH /؃HQHUJLH &HQWUR SDUD HO 'HVDUUROOR
7HFQRORJLFR ,QGXVWULDO$QDV 63$ 1HWLYHL ,VUDHO ׽1DWLRQDO 7UDQVSRUW ,QIUDVWUXFWXUH
&RPSDQ\ /WG )HGHUDO +LJKZD\ $GPLQLVWUDWLRQ 86'27 'U 0D ZDV D SRVWGRFWRUDO
UHVHDUFKHULQ7HFKQLRQZKHQKHZDVZRUNLQJLQWKLVSURMHFW
 5()(5(1&(6
$UDP 6  $ .QRZOHGJHEDVHG V\VWHP IUDPHZRUN IRU VHPDQWLF HQULFKPHQW DQG
DXWRPDWHGGHWDLOHGGHVLJQLQWKH$(&SURMHFWV3K''LVVHUWDWLRQ*HRUJLD7HFK
%HOVN\06DFNV5	%ULODNLV ,6HPDQWLF(QULFKPHQWIRU%XLOGLQJ,QIRUPDWLRQ
0RGHOLQJ&RPSXWHU$LGHG&LYLODQG,QIUDVWUXFWXUH(QJLQHHULQJ
%RUUPDQQ$	5DQN(7RSRORJLFDODQDO\VLVRI'EXLOGLQJPRGHOVXVLQJDVSDWLDO
TXHU\ODQJXDJH$GYDQFHG(QJLQHHULQJ,QIRUPDWLFV
%RVFKH ) 	 +DDV & 7  $XWRPDWHG UHWULHYDO RI ' &$' PRGHO REMHFWV LQ
FRQVWUXFWLRQUDQJHLPDJHV$XWRPDWLRQLQ&RQVWUXFWLRQ
%ULODNLV,/RXUDNLV06DFNV56DYDUHVH6&KULVWRGRXORX67HL]HU-	0DNKPDOEDI
$7RZDUGDXWRPDWHGJHQHUDWLRQRISDUDPHWULF%,0VEDVHGRQK\EULGYLGHRDQG
ODVHUVFDQQLQJGDWD$GYDQFHG(QJLQHHULQJ,QIRUPDWLFV
EXLOGLQJ60$57,QGXVWU\)RXQGDWLRQ&ODVVHV5HOHDVH,)&>2QOLQH@$YDLODEOH
KWWSZZZEXLOGLQJVPDUWWHFKRUJLIF,)&ILQDOKWPO>$FFHVVHG@
'DXP6	%RUUPDQQ$'HILQLWLRQDQG,PSOHPHQWDWLRQRI7HPSRUDO2SHUDWRUVIRU
D'4XHU\/DQJXDJH3URFRIWKH$6&(,QWHUQDWLRQDO:RUNVKRSRQ&RPSXWLQJLQ
&LYLO(QJLQHHULQJ
'DXP6	%RUUPDQQ$3URFHVVLQJRI7RSRORJLFDO%,04XHULHVXVLQJ%RXQGDU\
5HSUHVHQWDWLRQ%DVHG0HWKRGV$GYDQFHG(QJLQHHULQJ,QIRUPDWLFV
(DVWPDQ&/HH-0-HRQJ<6	/HH-.$XWRPDWLFUXOHEDVHGFKHFNLQJRI
EXLOGLQJGHVLJQV$XWRPDWLRQLQ&RQVWUXFWLRQ
(DVWPDQ&7HLFKRO]36DFNV5	/LVWRQ.%,0+DQGERRN-RKQ:LOH\	6RQV
,QF
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
-\ODQNL -  $Q ([DFW$OJRULWKP IRU )LQGLQJ0LQLPXP2ULHQWHG %RXQGLQJ %R[HV
>2QOLQH@ $YDLODEOH KWWSFOEGHPRQILSURMHFWVDQH[DFWDOJRULWKPIRUILQGLQJ
PLQLPXPRULHQWHGERXQGLQJER[HV>$FFHVVHG@
0DUDLUDF:	%HHW]-%,04/$QRSHQTXHU\ODQJXDJHIRUEXLOGLQJLQIRUPDWLRQ
PRGHOV$GYDQFHG(QJLQHHULQJ,QIRUPDWLFV
3DXZHOV3YDQ'HXUVHQ'9HUVWUDHWHQ5GH5RR-GH0H\HU5YDQGH:DOOH5	
YDQ &DPSHQKRXW -  $ VHPDQWLF UXOH FKHFNLQJ HQYLURQPHQW IRU EXLOGLQJ
SHUIRUPDQFHFKHFNLQJ$XWRPDWLRQLQ&RQVWUXFWLRQ
7DQJ3&KHQ*	6KHQ=$6SDWLDO&RQWH[W%DVHG$SSURDFK IRU$XWRPDWHG
6SDWLDO &KDQJH$QDO\VLV RI 3LHFH:LVH /LQHDU %XLOGLQJ (OHPHQWV &RPSXWHU$LGHG
&LYLODQG,QIUDVWUXFWXUH(QJLQHHULQJ
7DQJ3+XEHU'$NLQFL%/LSPDQ5	/\WOH$$XWRPDWLFUHFRQVWUXFWLRQRI
DVEXLOW EXLOGLQJ LQIRUPDWLRQPRGHOV IURP ODVHUVFDQQHG SRLQW FORXGV$ UHYLHZ RI
UHODWHGWHFKQLTXHV$XWRPDWLRQLQ&RQVWUXFWLRQ
:DQJ 6:	.DXIPDQ$(9ROXPH VDPSOHG YR[HOL]DWLRQ RI JHRPHWULFSULPLWLYHV
9LVXDOL]DWLRQ9LVXDOL]DWLRQ
3URFHHGLQJV ,(((&RQIHUHQFHRQ,(((

=HLEDN6KLQL56DFNV50D/	)LOLQ67RZDUGVJHQHUDWLRQRIDVGDPDJHG%,0
PRGHOVXVLQJODVHUVFDQQLQJDQGDVEXLOW%,0)LUVWHVWLPDWHRIDVGDPDJHGORFDWLRQV
RI UHLQIRUFHG FRQFUHWH IUDPH PHPEHUV LQ PDVRQU\ LQILOO VWUXFWXUHV $GYDQFHG
(QJLQHHULQJ,QIRUPDWLFV
=KDQJ&	&KHQ7(IILFLHQWIHDWXUHH[WUDFWLRQIRU''REMHFWVLQPHVKUHSUHVHQWDWLRQ
,QWHUQDWLRQDO&RQIHUHQFHRQ,PDJH3URFHVVLQJ,(((
=KDQJ*9HOD3$.DUDVHY3	%ULODNLV,$6SDUVLW\,QGXFLQJ2SWLPL]DWLRQ
%DVHG $OJRULWKP IRU 3ODQDU 3DWFKHV ([WUDFWLRQ IURP 1RLV\ 3RLQW&ORXG 'DWD
&RPSXWHU$LGHG&LYLODQG,QIUDVWUXFWXUH(QJLQHHULQJ

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